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Experimental renal papillary necrosis
ELIZABETH ANN MOLLAND
Institute of Pathology, The London Hospital, Whitechapel, England
A causal relationship between excessive intake of
analgesics and renal damage is now widely accepted,
but the identity of the analgesics involved and the
pathogenesis of the lesion remain controversial.
It is not proposed to discuss in detail all of the
experimental work in this field since this has been the
subject of several recent reviews [1—4]. The more
important experimental findings relevant to the role
of different analgesics is reviewed, and an account is
given of a comparative study of the nephrotoxicity of
phenacetin, paracetamol, and aspirin. The somewhat
conflicting evidence on the pathogenesis of the
lesions is outlined, and experimental studies on the
pathogenesis of aspirin nephrotoxicity are described
briefly.
The typical lesions of analgesic abuse are renal
papillary necrosis (RPN) and cortical "interstitial
nephritis." They occur when large amounts of anal-
gesics are taken over a long period.
The acute nephrotoxic effects of salicylates have
been known since the beginning of the century [5].
Necrosis of the proximal tubular epithelium [6—9],
celluria [10, 11], enzymuria [10, 12, 13], aminoacidu-
ria [14], and alterations in tubular function [15, 16]
have been described after salicylate administration.
Phenacetin has also been shown to cause acute prox-
imal tubular damage [8], although this was not con-
firmed by Arnold, Collins, and Starmer [9]. Phenace-
tin also caused less celluria than salicylates [11] but
greater enzymuria [13].
RPN has been reported in rats 48 hr after a single
oral dose of salicylate [6], and Calder et al [8, 17]
have produced acute cortical lesions and RPN simul-
taneously by i.v. administration of 5-aminosalicylic
acid.
Phenacetin [18] and aspirin [19] have been shown
to increase the susceptibility of the rat kidney to
infection, although this effect is not usually consid-
ered to be related to the primary riephrotoxic action.
Comparative nephrotoxicity of phenace tin, paracetamol
(N-acetyl-p-aminophenol), and aspirin
Although phenacetin has been regarded as the
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principle nephrotoxic analgesic, experiments in
which this drug has been given on its own for periods
of up to two years have usually produced negative
results, [21, 22]. Similar negative results have been
obtained with paracetamol (N-acetyl-p-aminophen-
ol), the principle metabolite of phenacetin [20, 22].
RPN has been reported in a small percentage of
rabbits given phenacetin for eleven months [24] and
in rats after massive doses [25].
RPN was readily induced in rats by giving mix-
tures of aspirin, phenacetin, and caffeine (APC) [26],
the combination having a much greater effect than
phenacetin alone [27]. Similar results were reported
by Saker and Kincaid-Smith [28] who obtained a
55% incidence of RPN in rats given APC mixture for
up to six months, and by Goldberg et al [29] who
produced papillary lesions in rats given aspirin and
phenacetin for three months, while neither drug
alone caused damage.
Nanra and Kincaid-Smith [30] then showed that
the incidence of RPN in rats fed aspirin (500 mg/kg!
day) was similar to that found in rats given APC
mixture, and they suggested that aspirin might be the
main nephrotoxic factor. They also showed that the
incidence of lesions was increased by dehydration
and decreased by diuresis. The nephrotoxicity of
paracetamol was similar to that of phenacetin, high
doses producing only mild lesions [31]. Axelson [32]
has also shown in the homozygous Gunn rat that the
nephrotoxicity of aspirin is greater than phenacetin.
Other workers have failed to produce lesions with
aspirin alone, in cats [20], rats [29, 33, 34], and in the
pig kidney [35] which has a similar structure to the
human kidney.
There has also been criticism that the doses used
are far in excess of the equivalent amounts taken
clinically. Nanra [36] has since produced RPN in rats
given 200 mg/kg/day aspirin for 66 weeks.
An attempt was made to compare the nephrotoxic
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effects of phenacetin, paracetamol, and aspirin in the
rat, giving the drugs in moderate doses over a long
period of time, thus reproducing as closely as possi-
ble the conditions in which analgesic nephropathy
occurs in man.
Methods. Five groups of ten female Black-hooded
Lister rats received the following drugs in the drink-
ing water: group 1) phenacetin, 1.25 mg/mi, in 5%
alcohol; group 2) phenacetin, 1.25 mg/mi, in alcohol
plus N/3 saline; group 3) paracetamol, 5 mg/ml; group
4) aspirin, 3 mg/mi; group 5) aspirin, 1.5 mg/mi, plus
paracetamol, 2.5 mg/mi.
Group 2 was divided at 18 weeks into group A (five
animals), in which the same regime was continued,
and group B, in which aspirin, 1 mg/ml, was added.
The dose given was estimated from the amount
just below the level of toxicity for man, on a weight-
for-weight basis. The alcoholic solution in groups 1
and 2 was given to increase the solubility of
phenacetin.
Controls received 5% alcohol, 5% alcohol plus N/3
saline, or water. Rats in groups 1 and 2 were killed
from 36 to 54 weeks, and in groups 3—5 at 12-week
intervals. They also were killed because of intercur-
rent infection or weight loss. Kidneys were exam-
ined by light microscopy, a horizontal section being
cut through the papillary tip.
Results. Details of fluid consumption, drug intake,
and animal weights are given in Table 1. Only rats in
group 4 (aspirin, 3 mg/mi) lost weight, but the whole
group had been killed because of this by 24 weeks.
One rat in group 4 developed hematuria at 19 weeks.
The kidneys and those of two others in this group
had slightly scarred surfaces. Four in group 2B and
three in Group 5 had scarred surfaces. The rest were
normal.
Microscopic findings. These are summarized in
Table 2, which excludes rats killed before 36 weeks.
Table 2. Analgesic damage in the rat kidney: Comparison of the effects
of phenacetin. paracetamol (acetaminophen) and aspirin administration
(duration, 36 to 54 weeks)
No. in
Percent with lesions
Papillary necrosis
Drug group Cortical Intermediate Total
Phenacetin 10 — 80 —
Phenacetin and saline 5 — 20 —
Phenacetin and aspirin and saline 5 100 20 80
Paracetamol 5 — 60 —
Aspirin (18—24 weeks) 8 38 — 75
Aspirin and paracetamol 5 80 20 80
Intermediate necrosis of the papilla [37] in which
there are changes in the interstitium with loss of
interstitial cells, necrosis of the walls of the thin
limbs of Henle's loop and of blood vessels in the
papila, but with preservation of the collecting
tubules, (Fig. 1B) was the only lesion seen in rats on
phenacetin or paracetamol alone. This lesion was
present in one pair of kidneys in group 2 (phenacetin
and saline), the rest being normal. Four out of five
rats in group 2B (phenacetin, saline, and aspirin) had
total papillary necrosis (Fig. 2), and this was also
present in six of eight rats examined in group 4. One
papillary tip had been shed in the rat which had
developed hematuria in this group. Total papillary
necrosis was also present in four rats of group 5
(aspirin and paracetamol).
Table 1. Analgesic damage in the rat kidney: Comparison of phenacetin (Ph), paracetamol (acetaminophen) (P), and aspirin (A) by fluid and
drug intake vs. average weights
Groups
No. of
rats
Total
duration
of therapy
weeks Drug
Average
daily fluid
intake
ml
Control
average
daily
intake
ml
Average
daily drug
intake
mg/kg of body
wt
Total drug
intake
g
Average
weight
g
Control
average
weight
g
1 10 54 Ph 27.9 32.6 137 4.5 (24 wks)
10.5 (48 wks)
13.7 (54 wks)
255.3 238.8
2A 5 54 Ph 46.8 50.3 230.9 21.8 253.2 258.0
2B 5 54 Ph
A(36wks)a
49.4 50.3 248.9
251.0
21.5
15.2
248.2 258.0
3 10 48 P 41.8 30.3 894.2 53 234.0 253.6
4 10 24 A 22.6 26.7 318 11.7 213.0 232.4
5 10 48 P
plus A
37.7 37.7 359.7
2.5.8
30
17.8
239.5 267.0
At 18 weeks, group 2 was divided into group A (5 rats), in which the same regime was continued, and group B, in which aspirin was
added.
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Fig. 1. A. Rat papilla (control). The interstitial cell nuclei (arrowed) are readily visible between collecting tubules (CT), thin loops of
Henle (H) and blood vessels (By). (H&E stain; magnification, x560.) B. Rat papilla after long-term analgesic, showing intermediate
necrosis. Interstitial cell nuclei have disappeared. Walls of blood vessels (By), loops of Henle (H) are necrotic. Collecting tubules (CT) are
intact. (H&E stain; magnification, x560.)
Cortical lesions. At an early stage there was seg-
mental tubular dilatation; more advanced lesions
showed tubular atrophy and an interstitial inflamma-
tory cell infiltrate. Corticial lesions were seen only in
groups in which total papillary necrosis had devel-
opéd (Table 2).
The results confirm the observations of previous
workers that the combination of either phenacetin or
paracetamol with aspirin has a greater nephrotoxic
effect in the rat kidney than either phenacetin or
paracetamol alone. Saline diuresis (group 2A) does
have a protective effect but is insufficient to protect
against the combined effect of aspirin and phenacetin
(group 2B). The findings in group 4 show that high
Fig. 2. Rat papilla after long-term analgesic, showing total necro-
sis. All structures are affected. There is diffuse calcification
(arrowed) in the mterstitium. (H&E stain; magnification, x350.)
doses of aspirin alone may cause total papillary
necrosis.
The distribution of cortical lesions suggests that
the latter occur only after quite severe renal damage;
possibly they are secondary to the papillary lesions.
Nephrotoxicity of other anti-inflammatory drugs
Other nonsteroidal anti-inflammatory drugs have
been reported to cause RPN in the rat, including
amidopyrine [381 and phenazone [36], drugs which
are little used today because of their dangerous side-
effects. Phenylbutazone, a widely-used derivative,
has been shown to cause RPN both acutely [39] and
after long-term administration [311.
Lesions have been reported with indomethacin
administered acutely [39] and long-term [31]. The
incidence of RPN produced by an indene analog has
been shown to be time and dose related, with a high
incidence in males [40]. By contrast, the incidence of
RPN in rats given sudoxicam, a potent nonsteroidal
anti-inflammatory drug was very much higher in
females than in males [41]. Mefenamic acid [31, 42],
flufenamic acid [43], and fenoprofen [44] have
caused RPN, while meclofenamic acid produces cor-
tical tubular damage [42].
Long term administration of caffeine to rats causes
diuresis [45], but RPN has not been produced [45,
31]. Indeed, the combination of caffeine with aspirin
or phenacetin was found to antagonize the effects of
the latter on renal function [46].
Pathogenesis of analgesic-induced renal papillary necrosis
Renal papillary necrosis (RPN) is usually consid-
a
'L
. 4e 1*0,; ';eVN .- •
H0I
,JCT hb
'L
b
v..
H
8 Molland
ered to be the primary lesion in experimental analge-
sic renal damage. Although the point is rarely dis-
cussed, there do not appear to be any morphologic
differences between the lesions produced by mix-
tures of analgesics or the individual drugs. Most
studies on pathogenesis have used mixtures, because
lesions are more readily produced in this way.
The pathogenesis of the primary lesion remains
controversial. Clausen [24] has suggested a direct
toxic effect in tubular epithelium, particulary at the
corticomedullary junction, with secondary peritubu-
lar fibrosis. Goldberg et al [29] thought that the
primary lesion was in the interstitium. Reduced nico-
tinamide adenine dinucleotide phosphate (NADPH)
normally protects against oxidative injury in the
medulla and is generated by the hexose monophos-
phate pathway. The latter workers showed that aspi-
rin inhibited the pathway, and they suggested that
paracetamol, the principle metabolite of phenacetin,
which concentrates in the papilla [48] would cause
oxidative injury in the presence of aspirin.
Kincaid-Smith et a! [49] considered that the prima-
ry lesion was ischemic. They demonstrated occlu-
sive lesions in the vascular bundles of the outer
medulla in rats given phenacetin or APC mixture, but
only one animal in their series developed RPN. The
cause of the occlusion was not apparent, and Abra-
hams and Levinson [50] failed to confirm these find-
ings. Nanra, Chirawong, and Kincaid-Smith, how-
ever, [51] demonstrated a reduction in medullary
blood flow in rats fed a variety of analgesics. The
change, measured by means of a fluorochrome-
labelled red cell technique was not related to histo-
logic damage.
Relationship of cortical lesions to RPN. Abra-
hams and Levin [27] and Kincaid-Smith et al [49],
who had shown that RPN preceded cortical lesions,
suggested that the development of the latter was the
result of tubular obstruction by the necrotic papilla.
Other investigators 152] have concluded that multi-
ple factors, including possibly a direct toxic effect on
cortical tubules, may be involved.
The evolution of aspirin-induced damage in the
papilla [53]. To see whether aspirin on its own pro-
duced lesions in the interstitium of the papilla or in
the vascular bundles and to study the pathogenesis, a
series of experiments was carried out in which aspi-
rin was given in the drinking water (2 mg/ml) to
female Black-hooded Lister rats. There was no evi-
dence of systemic toxicity at this dose which gave an
approximate intake of 250 mg/kg/day.
Methods. Rats on the above regime were killed at
two-week intervals, over a period of 36 weeks. Kid-
neys were fixed by perfusion in vivo, and the papilla
of one was removed for ultrastructural examination.
The other kidney was examined in the light micro-
scope, a horizontal section being cut through the tip
of the papilla. In addition to hematoxylin and eosin,
sections were stained for neutral mucopolysacchar-
ides by the PAS-diastase technique and for acid
mucopolysaccharides by the Alcian blue method
(pH, 2.5).
Results: Light microscopy. From two weeks
onwards, there was necrosis of individual epithelial
cells, mainly in the proximal tubular epithelium but
also in the epithelium of the collecting tubules in the
papilla. The interstitial cells of the papilla (Fig. 1A)
showed nuclear and cytoplasmic shrinkage in early
specimens which became progressively more severe,
until after 24 weeks the cells had disintegrated espe-
cially at the papillary tip, and the stage of intermedi-
ate necrosis (Fig. 1B) was seen. This had become
extensive by 36 weeks, but total necrosis was not
produced. Focal and diffuse calcification of the papil-
la and surface epithelial hyperplasia were also pres-
ent after 24 weeks and about half the kidneys had
early cortical changes.
PAS-positive material, forming a dense fibrillary
network in the interstitium was present in control
papillae. After aspirin for 24 weeks, this became
irregular, with deeply staining fibers and "bodies" in
the interstitium.
The interstitium of control papillae showed deep,
uniform staining by Alcian blue, indicating a high
content of acid mucopolysaccharide. There was a
total loss of this material in aspirin-treated kidneys
first seen in the tip at eight weeks, and involving over
half the papilla, with a well-defined upper margin, at
36 weeks.
Electron microscopy. From two weeks onwards,
the interstitial cells showed dilatation of the perinu-
clear space and cisternae of the endoplasmic reticu-
lum (Fig. 3). This became more extreme, with
shrinkage of the nucleus, and after 24 weeks, (cone-
sponding to intermediate necrosis) the cells had dis-
integrated, with collections of cell remnants being
seen in the matrix (Fig. 4). The osmiophilic bodies in
the interstitial cells (Fig. 3) did not alter in size or
location during this time, and afer the cells had disin-
tegrated, these osmiophilic bodies were seen in the
matrix, where some underwent myelin degenera-
tion. Electron-dense, partly crystalline aggregates
were shown by analysis in the electron microanaly-
ser microscope (EMMA 4) to contain calcium.
No changes were seen in the papillary blood ves-
sels and the epithelium of the loop of Henle showed
only slight shrinkage after 24 weeks.
The study showed that changes occurred in the
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Fig. 3. Rat papilla after aspirin for 6 weeks: Interstitial cell. The
perinuclear space and cisternae (C) are dilated and contain fluffy
material (F) and globular bodies. N = nucleus. Osmiophilic bodies
(arrowed) lie within the cytoplasm. (Uranyl acetate and lead
citrate; magnification, x 11,250.)
interstitial cells very soon after aspirin was given,
and that they became irreversibly damaged before
marked changes had occurred in papillary blood ves-
sels or tubular epithelium. This effect could be due to
either direct toxicity or to ischemia. Since no lesions
were seen in the papillary blood vessels, a further
study was made to see whether lesions were present
in the vascular bundles of the outer medulla.
Evolution of aspirin-induced damage in the vascu-
lar bundles. Female Black-hooded Lister rats were
given the above regime (aspirin, 2 mg/nil) immediate-
ly after uninephrectomy. After the latter procedure,
lesions in the remaining kidney developed more rap-
idly and were more severe, progressing to total RPN
[53].
Rats were killed from 6 to 28 weeks, at two-week
intervals. Kidneys were examined in the light and
electron microscopes. Transverse sections were cut
through the outer medulla, at right angles to the
vascular bundles (Fig. 5A) and transversely through
the papilla.
Results: Light microscopy. Vascular bundles were
readily identified in controls with afferent and effer-
ent (descending and ascending) vasa recta lying adja-
cent, and having wide lumens and thin walls (Fig.
5A). In aspirin-treated animals, the interstitium was
widened, the lumens of vessels reduced, and by 18
Fig. 4. Rat papilla after aspirin for 28 weeks. Remnants of intersti-
tial cell, including osmiophilic bodies and membrane-bound vesi-
des lie in the matrix (M). Crystalline electron-dense material (E)
contains calcium. Basement membrane of ioop of Henle (H) is
fibrillar. BY = blood vessels. (Uranyl acetate and lead citrate;
magnification, x 10,000.)
weeks some vasa recta had disappeared, the bundles
appearing less well-defined (Fig. 5B), with increased
reticulin around vessels. The changes were progres-
sive: by 28 weeks bundles were difficult to identify,
containing collagen which extended outwards
between adjacent tubules. The latter showed atrophy
and dilatation (Fig. SB).
Electron microscopy. At eight weeks, necrosis of
the endothelium of the efferent vasa recta was seen
and there were numerous cell fragments in the
lumens (Fig. 6). There was slight widening of the
interstitium at this stage. In later specimens there
was some necrosis of the endothelium of the afferent
vasa recta, although perivascular cells were not
affected. Cells appeared in the interstitium, some
having the characteristics of interstitial cells, others
of fibroblasts. Collagen fibres were laid down pro-
gressively (Fig. 7). By 28 weeks, many thin-walled
efferent vasa recta had partly collapsed or disap-
peared (Fig. 7), and there was narrowing of the
lumens of afferent vasa recta (Fig. 7).
The early changes in the vasa recta occurred
before the development of intermediate necrosis in
the papilla which was first seen at 12 weeks. Total
papillary necrosis was seen at 20 weeks, and the
corresponding vascular bundles showed extensive
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Fig. 6. Rat outer medulla after aspirin for 6 weeks.' Vascular
bundle. E = efferent vasa recta with numerous cell fragments in
the lumen and necrosis of the endothelium (arrowed). A afferent
vasa recta. H = thin descending limb of Henle's loop. AH =
ascending thick limb of Henle's loop, showing early interstitial
edema and collagen. (Uranyl acetate and lead citrate; magnifica-
tion, x4,500.)
interstitial collagen, with loss of efferent vasa recta
and marked reduction in the diameters of their
lumens.
Pat ho genesis of aspirin-induced renal papillaty necrosis
Prostaglandin PGE2 is synthesized in the renal
medulla and is believed to act as a local hormone
which dilates medullary blood vessels [541. The rest-
Fig. 7. Rat Outer medulla after aspirin for 28 weeks: Vascular
bundle. Collagen and cells are shown in widened interstitium. E =
partly collapsed efferent vasa recta. A = afferent vasa recta.(Uranyl acetate and lead citrate; magnification, x7,500.)
ing renal blood flow is probably maintained by basal
production of prostaglandins. They also are involved
in the autoregulation of medullary blood flow, an
increase in prostaglandin synthesis occurring in
response to a variety of stimuli which reduce renal
blood flow [55] with partial reversal of the effect and
a redistribution of blood towards the deep cortex,
from which arise the vasa recta supplying the medul-
la [56]. Indomethacin, an inhibitor of prostaglandin
synthesis, causes a marked reduction in medullary
Fig. 5. A. Rat ouwr medulla (euntrob. Vascular bundles tV B) contain thin—walled vaa recta, surrounded by uniform tubules. (H& It 'lain:
x 140.t B. Thu outer medulla it/kr asp/ri,, for/S ,s'eeks. Vascular bundles tVB) have lost many vasa recta: the remainder have narrowed
lumens. Suri-ounding tubules show variable dilatation. tH&F stain: magnification. X MU
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blood flow, associated with a decrease in the basal
level of PGE2 [57]. Aspirin, although less powerful
than indomethacin, is also an inhibitor of prostaglan-
din synthesis [58], and the latter effect has been
shown to occur at plasma salicylate levels well below
the peak levels after therapeutic dosage in man [591.
Since salicylate has been shown to concentrate in the
medulla [60], it is likely that inhibition of PGE2 syn-
thesis is occurring in the medulla in the above
experiments.
The changes seen in the papilla in the earlier stage
of the experiment may therefore be ischemic,
reduced medullary blood flow being secondary to
failure of normal autoregulation. They are seen
before occlusive lesions have developed in the vas-
cular bundles. Although the osmiophilic droplets in
the interstitial cells contain unsaturated fatty acids,
including arachidonic acid, the precursor of prosta-
glandin [61], and have been shown to synthesize
prostaglandins in tissue culture [62], there is no defi-
nite evidence that they are the site of final synthesis
of prostaglandins, and the changes observed in them
are unlikely to be a direct effect of aspirin's action as
an inhibitor of prostaglandin synthesis. The damage,
however, to these cells will render unavailable the
vasoactive lipids within them.
The appearances of the early endothelial damage
in the efferent vasa suggest a direct toxic effect of
salicylate, although neither autoradiography nor
scintillation counting gave evidence of a high con-
centration of aspirin in this region [63]. The altered
permeability of the vessel wall would lead to changes
in the interstitial tissue, stimulating collagen forma-
tion and eventually occlusion of vessels. Although
the early changes might cause a small reduction in
medullary blood flow (an effect which will be magni-
fied by the failure of medullary autoregulation), there
will be an irreversible reduction in blood flow after
the development of fibrosis; this may be an important
factor in the development of total papillary necrosis.
A direct toxic effect on the interstitial cells is also
possible in the early stages when there is a high
concentration of salicylate in the papifia [60], but is
unlikely to be significant in the later stages, since a
concentrating defect develops at an early stage in
this model [36].
It is possible that the early loss of acid mucopoly-
saccharide substance (acid MPS) may be related to
interstitial cell damage. It has been shown that intact
cells are necessary for the synthesis of acid MPS
[64], and although the identity of the cell is not
known, the interstitial cells, which have the ultra-
structural characteristics of actively synthesizing
cells, may in involved. Alternatively, aspirin may
have a direct inhibitory effect on synthesis of acid
MPS [65]. There is some evidence that these sub-
stances may be involved in the concentrating process
[66] and their disappearance may therefore be relat-
ed to the development of a concentrating defect.
The pathogenesis of the cortical lesions. The tech-
nique of partial papillectomy [67] was used to see
whether the development of cortical lesions was
directly related to papillary necrosis.
Methods. Ten female Black-hooded Lister rats
had a left partial papillectomy [67]. The kidney was
drawn onto the dorsal surface through a paralumber
incision, and the pelvis incised longitudinally along
the line of the ureter with a Keeler razor blade
fragment. With gentle pressure on the adjacent kid-
ney, the papilla protruded through the opening and
20 to 50% of the tip was resected with a pair of
iridectomy forceps. No sutures were applied to the
pelvic incision.
The group was then put on aspirin (2 mg/ml) for 25
to 30 weeks.
Left partial papillectomy was performed on ten
controls who were given water for 25 to 30 weeks.
Kidneys were examined in the light microscope, sec-
tions including the pelvis and upper ureter.
Results. A number of test and control animals had
macroscopic hematuna up to ten weeks after the
operation. This did not appear to affect their general
condition. Four of the aspirin-treated rats had
macroscopically scarred kidneys, but there was no
significant difference in the amount on the left or
right kidneys.
Light microscopy. Sections of the site of the pelvic
incision showed either complete healing or a small
diverticulum. Control papillectomized kidneys
showed re-epithelialization of the cut edge; the rest
of the parenchyma was normal.
Re-epithelialization had also occurred in the aspi-
rin-treated papillectomized kidneys. The aijacent
tissue showed occasional small foci of calcification,
but there was no significant necrosis. In the intact
(right) kidney in this group there was total necrosis in
three and intermediate necrosis in the remainder.
Four of the papillectomized kidneys had cortical
lesions, two being advanced with extensive tubular
atrophy and fibrosis; there was also fibrosis and
occlusion of vessels in the vascular bundles. Five of
the corresponding intact kidneys showed cortical
lesions, two being advanced.
These results indicate that the presence of papil-
lary necrosis is not necessary for the development of
cortical lesions in the aspirin-damaged kidney. This
is in contrast with the finding of Hardy [67], who was
able to prevent cortical lesions after the administra-
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tion of N-phenyl anthranilic acid by partial papillec-
tomy, and suggests that the pathogenesis of analge-
sic-induced renal damage may differ from that of
other chemically-induced models of RPN. The corti-
cal lesions in the aspirin-damaged kidney may be
secondary to tubular obstruction by fibrosis in the
outer medulla, or multiple factors including a direct
toxic action on cortical tubules may be involved.
Discussion
While phenacetin or paracetamol on their own
have a weak nephrotoxic effect, this study confirms
that renal papillary necrosis (RPN) is readily induced
by mixtures of analgesics which include either phen-
acetin or paracetamol. [26—28]. Some workers have
claimed that the nephrotoxicity of aspirin on its own
is almost as great as that of the mixtures, but others
have failed to confirm this.
In an experiment in which moderate doses of anal-
gesics were given to rats over a long period, aspirin
on its own was shown to produce papillary necrosis
and to have a greater nephrotoxic effect than phena-
cetin or paracetamol, although less than in combina-
tion with either.
Previous studies on the pathogenesis have suggest-
ed that the papillary damage is due to direct toxicity
[7, 29, 48] or to ischemia [49]. A study on the
evolution of aspirin-induced papillary damage dem-
onstrated that the earliest changes occurred in the
interstitial cells. These might be due to ischemia,
medullary blood flow being reduced as a result of
aspirin's action as an inhibitor of prostaglandin syn-
thesis. The early loss of medullary mucopolysac-
charides might also be linked to interstitial cell dam-
age. Lesions similar to those described previously
[49] were demonstrated in the vasa recta. These may
be a direct toxic effect of salicylate. They would
cause medullary ischemia at a later stage during the
evolution of the lesions, leading to total RPN. Using
the method of partial papillectomy it was shown that,
in the aspirin-damaged kidney, the development of
cortical lesions did not depend on the presence of
papillary necrosis. The pathogenesis of long-term
analgesic-induced renal damage would therefore
appear to differ from that of other chemically-
induced models, such as that described by Hardy
[67]. The induction of RPN by other nonsteroidal
anti-inflammatory drugs [31, 36, 38, 39, 41—44],
which are also prostaglandin synthesis inhibitors,
supports a role of this mechanism in the development
of papillary necrosis.
Although the nephrotoxic effect of aspirin has not
been demonstrated in all animal species, and
although long-term aspirin on its own rarely causes
clinically significant RPN in man, it has been shown
to cause impairment of medullary function [68].
Knowledge of medullary homeostatis is incomplete,
but it is tempting to suggest that altered medullary
blood flow may be associated with the continued use
of any nonsteroidal anti-inflammatory drug which
inhibits prostaglandin synthesis. The ischemic papil-
Ia may then be susceptible to further damage, by
other analgesics or as yet unknown factors.
Summary
Review of experimental work indicates that renal
papillary necrosis (RPN) is more readily induced by
mixtures of analgesics which include phenacetin or
paracetamol, than by either of the latter drugs alone.
In an experiment in which moderate doses of analge-
sics were given to rats over a long period, it was
shown that aspirin had a greater nephrotoxic effect
than either phenacetin or paracetamol although less
than in combination with either. In a study of the
evolution of aspirin-induced damage, the eariiest
changes were shown to occur in the interstitial cells.
There was also loss of medullary mucopolysacchar-
ides. Occlusive lesions were demonstrated in the
vasa recta. Using partial papillectomy, it was shown
that the development of analgesic-induced cortical
lesions did not depend on the presence of papillary
necrosis. It was suggested that the early papillary
changes might be due to ischemia, medullary blood
flow being reduced as a result of aspirin's action as
an inhibitor of prostaglandin synthesis. The lesions in
the vasa recta might cause ischemia at a late stage,
leading to total RPN.
Reprint requests to Dr. E. A. Mo/land, Institute of Pathology,
The London Hospital, Whitechapel, E.1.IBB, England.
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